Editor's key points † There is a significant shortfall in the availability of donor kidneys for transplantation. † Factors influencing donor rates were studied in a large cohort of patients who died in UK intensive care units. † Significant factors included: type of unit, region, age, and ethnicity.
known as controlled donation after circulatory death (DCD). Although kidneys from controlled DCD donors incur a variable period of warm ischaemic injury at the time of donation, concerns that they are inferior to DBD donor kidneys have been allayed by recent registry data from both the UK and the USA. 5 -7 In 2008, the UKOrgan Donation Taskforce made a number of key recommendations aimed at increasing the number of organ donors, and these have subsequently been implemented by NHS Blood and Transplant (the special authority with responsibility for organ donation and transplantation) 8 and others. The changes made include the creation of a centrally coordinated UK-wide network of specialist nurses in organ donation embedded in all intensive care units (ICUs) and a national organ retrieval service for all potential organ donors. The work of the Taskforce resulted in the provision of a professional, ethical, and legal framework for controlled DCD, thereby establishing this mode of deceased donation into clinical practice in the UK. 9 10 The introduction of these changes in UK organ donation practice has been associated with a 17% increase in deceased kidney donor numbers from 2007 to 2011. However, this increase is due exclusively to a doubling of DCD kidney donors. Overall deceased donor organ donation rates in the UK remain disappointing on a per capita basis and were exceeded in 2011 by the USA, and several European countries, most notably Spain, Belgium, Portugal, France, and Italy. 4 11 When DBD and DCD donor rates are considered separately, the UK compares unfavourably for DBD donor rates. In contrast, DCD donation rates in the UK have doubled since 2007 and UK DCD donation rates in 2011 were exceeded only by those in The Netherlands. 4 11 Kidney donation in the UK expressed on a per capita basis suggests significant regional variation and implies potential for increasing kidney donor numbers. 12 However, a major shortcoming of using the per capita metric in such comparisons in organ donor numbers is that it does not take into account geographical differences in key factors, such as death rates and number of critical care beds, along with other patient characteristic variations. Accordingly, a risk-adjusted model was developed to allow more accurate and meaningful comparisons of deceased donor rates between UK regions, specifically donations that result in kidney transplantation. In this study, patient characteristics and other relevant characteristics of patients dying in critical care settings were used to develop a model that identified key variables associated with kidney donation. This has allowed calculation of regional risk-adjusted kidney donation rates that provide a robust description of the current variations in DCD kidney donation in the UK.
Methods

Clinical setting
There are 275 acute hospitals in the UK grouped into 20 kidney donation zones. Each kidney donation zone is linked to a kidney transplant unit (with the exception of London) and donation zones are named after the city in which their transplant centre is based. In London, there are several transplant units that fall within the two donation zones designated North and South Thames. In the UK, there is a national sharing scheme for kidneys from DBD donors 13 but if for whatever reason DBD kidneys are not allocated nationally, they are offered to the central transplant unit within the same zone as the retrieval hospital. Kidneys from DCD donors are always offered initially for use in the transplant centre within the regional zone, although, if refused, the kidney is offered to other transplant centres across the UK. In the UK organ donation policy, organ allocation and mandatory data collection is overseen by National Health Service Blood and Transplant (NHSBT). NHSBT have, since April 2010, commissioned a national organ retrieval service that incorporates seven abdominal organ retrieval teams that provide a comprehensive service for recovery of both DBD and DCD donor kidneys. 8 
Data and statistics
This study is based on the data collected as part of the UK Potential Donor Audit, which was initiated in 2005. The audit collects prospective, basic, non-patient identifiable patient characteristic information for all patients younger than 76 yr who die in a non-cardiothoracic ICU or emergency department, together with date, time, cause of death, and whether organ donation was possible and whether organ donation occurred. 14 For the purposes of this study, a deceased kidney donor was defined as a donor from whom at least one kidney was transplanted. The present analysis is based on the data collected during a 20-month period between April 1, 2010 (when the audit was expanded to capture data from emergency departments) and December 31, 2011. Multivariate logistic regression analysis was performed to determine factors associated with overall deceased donor kidney donation, and with DCD and DBD donation when considered separately. Factors considered for inclusion were those variables that the authors considered may be associated with organ donation and selected from the Potential Donor Audit. The factors considered within the multifactorial model in a forward step-wise fashion were: age, cause of death, ethnicity, and type of critical care in which the death took place. All were found to explain independently significant variation in donation rates. The logistic regression model was used to produce 'standardized-donation rates' for each of the 20 kidney donation zones in the UK, adjusting for the impact that these factors would have on the donation rates in their catchment populations. Funnel plots 15 were used to display the standardized data using funnel limits based upon confidence intervals (CIs) of 95 and 99.8% [2 and 3 standard deviations (SDs), respectively]. The software used for the data analysis was SAS 9.1 (SAS Institute, Cary, NC, USA).
Results
Factors associated with organ donation Table 1 shows patient characteristic data for all deaths in UK critical care areas (including emergency departments) captured by the UK Potential Donor Audit during the 20-month ) patients who died and became kidney donors, the majority were DBD donors (n¼984) but over a third (n¼544) were DCD donors. Two hundred and seventy-four of the hospitals studied had at least one death in critical care and 237 of the donation hospitals had at least one deceased kidney donor during the study period (median 4.0, range 1-39). Of note, 101/275 (37%) of the hospitals provided 5 or more deceased donors. All of the hospitals with at least 5 donors during the study period had at least 1 DBD donor with 7/101 (7%) of these providing no DCD donors. Logistic regression analysis identified several factors that were associated with death proceeding to kidney donation, and these were broadly similar for both DCD and DBD donors ( Table 1 ). The type of critical care unit in which the death occurred was an important determinant of whether kidney donation took place, with death in a neurosurgical unit more likely to result in kidney donation than death in a general ICU (OR 1.53, 95% CI 1.34 -1.75, P,0.0001) and death in the emergency department less likely to result in kidney donation (OR 0.44, 95% CI 0.34-0.57, P,0.0001). Only a minority of deaths in critical care were caused by trauma (2%) or stroke (20%), although these causes accounted for 88% of the kidney donor deaths. Patients who were not of white ethnicity (6%) were less likely to donate than those of white ethnicity ('Asian' vs 'white' OR 0.17, 95% CI 0.11 -0.26, P,0.0001 and 'other' vs white' OR 0.35, 95% CI 0.24 -0.50, P,0.0001). Increasing patient age (from age 18 to 69 yr) was associated with a greater chance of death in critical care, but an incrementally decreasing chance of becoming a kidney donor (e.g. patient age .69 vs age 18-39, OR 0.2, 0.15-0.25, P,0.0001).
Regional variation in kidney donation rates
The kidney donation rates (after standardization using the logistic regression models developed in Table 1 ) for each of the 20 regional kidney donation zones in the UK are plotted in Figure 1A -C. For completeness, the non-standardized kidney donation rates are shown in the Appendix but all the subsequent comments relate exclusively to the standardized-donation rates.
The 20 kidney donation zones differed considerably in size, with the number of deaths of critical care patients ranging 450-4000. There was marked variation between donation zones in standardized kidney donation rates. The overall deceased donor standardized donation rate (i.e. for both DBD and DCD donors) ranged from 3.2 to 7.5%. Two zones (Cardiff and Cambridge) had significantly higher overall deceased donor standardized donation rates than the mean national donation rate (Fig. 1A) . Two zones (Glasgow and Manchester) had significantly lower overall deceased donor standardized donation rates, and Glasgow differed from the mean by more than 3 SDs. When DCD donors were considered separately, the degree of zonal variation was more marked, with 4 zones demonstrating DCD donation rates significantly above (.2 SD) and 5 significantly below the mean donation rate (Fig. 1B) . DBD donation rates showed less variation than those for DCD donors (Fig. 1C) : two zones had high and three zones low donation rates compared with the UK mean. It was notable that two of the four zones (i.e. Cardiff and Cambridge) with significantly high standardized DCD donation rates also had standardized DBD donation rates that were close to the UK mean (Fig. 1B  and C) . The other two zones (Plymouth and Bristol) with high standardized DCD donation rates had standardized DBD donation rates that were significantly below the national average (Fig. 1B and C) . The converse applied to two zones with high standardized DBD donation rates and low standardized DCD donation rates (North London and Belfast).
Discussion
The present in-depth analysis of deceased kidney donors in the UK is based on data collected as part of the prospective UK Potential Donor Audit. 16 This allowed factors associated with kidney donation to be identified in a cohort of patients that included all of those ever likely to donate (i.e. those dying in a critical care setting, rather than using the general population as a comparator group). The factors that are associated with organ donation are generally well known but, to the best of our knowledge, this is the first analysis to quantify the relative strength of these associations. 17 -19 Overall, the factors associated with organ donation were similar for DBD and DCD donors and included ethnicity, cause of death, type of critical care, and age. While it is widely appreciated that non-white ethnicity is associated with a low donation rate, 19 the finding that white patients who died in critical care settings are more than five times more likely to become organ donors than Asian patients was particularly striking, and highlights the magnitude of the challenge to encourage organ donation from ethnic minority groups in the UK. A number of initiatives have been introduced in the UK to address the low organ donation rate in ethnic minorities, including targeted advertising campaigns, 8 20 but more is clearly required. Cause of death was a major predictorof kidney donation in the present study, with those dying from stroke (including subarachnoid haemorrhage) and trauma being 20 times more likely to become kidney donors than those dying of other causes. The magnitude of this effect is to be expected, given that most deceased organ donors have catastrophic intracranial injury, although it is interesting to note that some DCD donors in particular did not have a neurological injury as their primary cause of death. However, given the strong association between neurological injury and kidney donation, it is surprising that those dying in a neurosurgical intensive care setting were only one and a half times more likely to become kidney donors than those dying in a general intensive care setting. This may reflect the relative under-provision of specialist neurointensive care beds in the UK, which means that some patients who may potentially have benefitted from admission to neurointensive care are instead cared for in a general setting. 21 22 The majority of deaths Regional variation in kidney donation rates BJA 87 in intensive care occurred in patients aged more than 60 yr (53%), but older patients were less likely to become organ donors. A major reason for this is that older patients are more likely to have serious comorbidities, including malignancy, that preclude them from being accepted as organ donors. While kidneys from older donors fare less well after transplantation, 6 7 23 there is recognition that kidneys from older deceased donors may still provide useful organs for transplantation, particularly for older recipients, and there may be further scope for considering older patients as potential kidney donors. While DCD kidney donor rates have risen markedly in the UK, 24 a crude analysis of regional kidney donation rates indicated great variation in activity across the UK, particularly for DCD kidney donation. 12 Care is needed in the interpretation of this type of raw donation rate data, however, because it does not take into account underlying differences between regions in the death rate of patients in critical care, the level of critical care provision and patient characteristic differences, and discard rates of retrieved kidneys. In the present analysis of regional kidney donor activity, only kidney donors in whom at least one kidney was subsequently transplanted were included and adjustment was made for the above variables to give a more accurate 'standardized' assessment of kidney donation rate. This revealed that significant differences in regional donation rates exist, even after adjusting for regional heterogeneity.
One of the aims of the Organ Donor Taskforce was to ensure greater consistency in decision-making across the UK, with regard to both the referral of potential donors and their assessment and acceptance. This study reveals that considerable variation in practice persists. Regional variation was most striking for DCD kidney donor rates, with 9 of the 20 kidney donation regions having DCD kidney donor rates that were more than 2
SDs from the mean. The reasons for such a large regional variation in deceased kidney donor numbers were not identified in this study and are likely to be complex. Variations in donor identification rates, consent for organ donation, and variations in kidney acceptance criteria by the receiving transplant centres are likely to be the most important factors.
Our findings on regional variation of adjusted kidney donor rates suggest that there is considerable scope for further increasing donor numbers in many regions, particularly in the case of DCD donors. An important difference between DBD and DCD kidney donation is that while all DBD kidneys are allocated according to a national sharing algorithm, a national sharing scheme for kidneys from DCD donors remains under development. 13 Instead kidneys from such donors are often only offered to the local transplant centre, and it is likely that the level of enthusiasm of the local centre for use of DCD donor kidneys is a major determinant of regional DCD kidney donation rate. Differences in local acceptance criteria for DCD kidneys contribute to inequality in access to transplantation, and patients on the waiting list for renal transplantation at centres that are within donation zones with low DCD donation rates will wait longer overall for a kidney transplant than those listed at centres with a high level of enthusiasm for using kidneys from DCD donors including older DCD donors. 25 DCD donors provide fewer organs per donor than DBD donors, and liver and pancreas transplants from DCD donors have poorer outcomes after transplantation than those from DBD donors. 26 -28 Furthermore, there is concern that a proportion of DCD donors might have become DBD donors had they been managed differently. However, the management of patients dying in critical care must be made by critical care clinicians acting in the best interest of the patient independently of transplant clinicians and there is no clear evidence that the increase in DCD donors in the UK has occurred at the expense of DBD donors. 28 29 In the present study, two centres with high DCD kidney donor rates had low DBD kidney donor rates. However, the two centres with the highest overall deceased kidney donation rate achieved this by having significantly higher DCD donor rates and DBD donor rates that were above the mean, showing that a high DCD donor rate need not be achieved at the expense of reduced DBD donor activity. While the present study was confined to deceased donors in the UK, the risk adjustment methodology used is readily applicable to other countries that have prospective audits of deceased organ donation potential, and it would be interesting to know whether such marked regional variations in adjusted deceased donor kidney donation rates also exist in such countries. In particular, it would be instructive to know whether countries with very high donation rates show less adjusted regional variation rates in kidney donation. The methodology might also be of value in making international comparisons for adjusted deceased organ donation rates. Inevitable limitations of the present study are that it is based on a fixed period of observation in a time of changing practice and it will be interesting to observe whether regional variations in kidney donation persist in future years. Another limitation of this and other registry analyses is the failure to take into account the residual confounding factors in the modelling to produce risk-adjusted data; for example, no information was available on the socio-economic class of potential donors. A further limitation of this study is that it controls for differences in ICU capacity by using the total number of deaths in ICU as the denominator in the analysis. Variation in ICU admission policy, capacity, and workload may mean that the chances of death progressing to organ donation differ between units. 30 In conclusion, there is marked regional variation in deceased kidney donation rates in the UK, even after correction for factors known to influence strongly the likelihood of patients dying in critical care proceeding to kidney donation. The overall vision of the UK Organ Donation Taskforce was that donation should become a routine component of end-of-life care and considered wherever possible, regardless of the mode of death or where in a hospital the patient happened to be when its inevitability was recognized. This study suggests that there is considerable scope for further increasing donor numbers in the UK by ensuring that all centres adopt best practice for identification and management of potential kidney donors, to give more patients the option of donation when they die. report, and all the authors contributed to the final draft. Data were provided for the NHS Blood and Transplant registry by staff from UK hospitals and compiled from the registry by D.M.S.
